Introduction
============

Ramadan is a lunar-based month, with duration that varies between 29 and 30 days. Muslims who fast during Ramadan must abstain from eating, drinking, use of oral medications, and smoking from pre-dawn to after sunset; however, there are no restrictions on food or fluid intake between sunset and dawn. Most people consume two meals per day during this month -- one after sunset and the other before dawn.[@b1-ijgm-11-033] Exemption from fasting during the month of Ramadan is authorized by Islam in case of acute or chronic disease, such as diabetes mellitus. However, most patients with diabetes are willing to fast during the month of Ramadan.[@b2-ijgm-11-033] The month of Ramadan is a challenge for the management of diabetes because of the fasting period, consequent changes in glycemic control, and, thereby, the potential hypo- and hyperglycemia of type 1 (T1DM) and type 2 (T2DM) diabetes mellitus that patients are exposed. According to a recent meta-analysis of Kul et al.[@b3-ijgm-11-033] Patients with hypoglycemia unawareness, recent ketoacidosis, or hyperglycemic states, poor glycemic control, gestational diabetes, and advanced macrovascular complications are at high risk and should be advised not to fast.Patients with non-insulin-dependent diabetes on medication may have their dosages and timings reviewed.Insulin-dependent patients with diabetes on basal-bolus regimes are discouraged from fasting. If they still wish to fast, reducing their background insulin by 20% and altering the midday insulin can reduce complications.

Few studies have demonstrated the efficacy and safety of some therapeutic regimens with or without insulin in patients with type 2 and type 1 diabetes who fast during Ramadan,[@b4-ijgm-11-033],[@b5-ijgm-11-033] particularly for insulinized patients. Basal-plus and basal-bolus regimes using rapid and long-acting insulin analogs are recommended.[@b1-ijgm-11-033]

Nevertheless, available information on patients who discontinue fasting are very limited, especially in those treated with insulin; moreover, data about fasting, its observance, and treatment changes among patients with diabetes treated with insulin are very scarce.

The aims of the current study were to have: an estimation of the proportion of diabetic patients treated by insulin who interrupted fasting during the month of Ramadanidentification of reasons for interrupted fasting, including severe hypoglycemia and ketoacidosis coma\*\*,an estimation of the mean total number of fasting days, and to describe the profile of this diabetic population and the treatment changes before, during, and after Ramadan.

Methods
=======

Patients
--------

RAMADAN 3 is an observational survey of Tunisian patients with diabetes treated with insulin and fasting during the month of Ramadan 2013. This non-interventional study (no action taken on treatment decisions) was proposed to all endocrinologists who were willing to participate.

Data collection
---------------

The survey included only one visit in the month after Ramadan, during which the physician performed the consultation with usual examinations without introducing any changes in his usual clinical daily practices. Data were collected via a case report form (CRF) through a structured interview of the patient. The investigator was to report to the sponsor any adverse events suspected to be related to Sanofi products, and follow the usual reporting rules for non-Sanofi drugs.

All consecutive patients 18 years or older with diabetes who chose to fast during the month of Ramadan and were treated with insulin were included in this study. Patients were treated with any insulin available on the Tunisian market. Insulin analogs included insulin glargine, insulin detemir, insulin aspart, lispro, and glulisine. The premixed insulins used were Novomix30 and Mixtard, and the human insulins used were intermediate insulin and rapid insulin. Patients with diabetes treated only by oral antidiabetic drugs (OADs), those who refused to consent to the use of the data, or those who participated simultaneously in another clinical study were excluded from this study.

Severe hypoglycemia was defined by the American Diabetes Association (ADA) as an event requiring assistance of another person to actively administer carbohydrates, glucagon, or take other corrective actions. Plasma glucose concentrations may not be available during an event, but neurological recovery following the return of plasma glucose to normal is considered sufficient evidence that the event was induced by a low plasma glucose concentration.

Diabetic ketoacidosis (DKA) was defined as hyperglycemia leading to hospitalization.

Statistical analysis
--------------------

The primary analysis described the proportion of diabetic patients who stopped fasting during the month of Ramadan and the average number of days fasted. The secondary analysis described the study variables related to: demographic and economic characteristics of patients; the medico-surgical history; the last glycated hemoglobin (HbA1c) value; the practice of self-monitoring blood glucose during Ramadan; diabetes treatment before, during, and after the month of Ramadan, and changes to these treatments. The secondary analysis assessed reasons and moments of interruption of fasting as well as the occurrence of adverse events during Ramadan and their severity, especially hypoglycemia (during fasting or nocturnal severe hypoglycemia) and ketotic complications.

All continuous data were expressed as mean ± SD, and percentages were calculated for categorical variables. Comparison of percentages was performed by using chi-square, Fisher's exact, and Mac Nemar tests for paired series. Comparison of means was performed using the Student *t*-test and the analysis of variance test. Logistic regression model was conducted to identify factors associated to no interruption of fasting during Ramadan, while adjusting confounding factors.

Two-tailed *p* values \<0.05 were accepted as significant. STATA software was used to conduct statistical analysis.

Results
=======

Baseline sociodemographic and clinical characteristics of study population
--------------------------------------------------------------------------

This study included 526 patients with diabetes from 64 centers in both public and private health sectors, representing different areas of Tunisia.

The mean ± SD age was 36.8 ± 11.6 years for type 1 diabetes, and 58.3 ± 10.0 years for type 2 diabetes; 62.8% and 57.5% of the study population were male in type 1 and type 2 diabetes groups, respectively. In type 1 and type 2 diabetes groups, respectively, the mean ± SD of duration of diabetes was 11.0 ± 8.8 years and 14.4 ± 7.9 years and that for body mass index (BMI) was 25.2 ± 4.3 kg/m^2^ and 29.1 ± 5.0 kg/m^2^. According to WHO BMI classification, in type 1 and type 2 diabetes groups, respectively, 8.3% and 33.3% were obese whereas the proportion of those overweight was 45.8% and 51.7% ([Table 1](#t1-ijgm-11-033){ref-type="table"}).

Fasting without interruption
----------------------------

Of all included patients, 71.5% (67.6%--75.4%) reported having fasted without interruption during the month of Ramadan 2013. For patients who broke the fast, temporarily or permanently, the mean ± SD number of non-fasted days was 3.0 ± 6.7 whereas the median approached 0.

Factors associated with fasting without interruption
----------------------------------------------------

[Table 2](#t2-ijgm-11-033){ref-type="table"} summarizes factors associated with fasting during Ramadan without interruption. On multivariate analysis using a logistic model, no-interruption fasting was significantly more frequent in patients with type 2 diabetes (OR = 1.969 \[1.043--3.716\]; *p*=0.036) and among male patients (OR = 1.677 \[1.115--2.522\]; *p*=0.013), with a significant trend for patients living in urban areas compared to those living in rural areas (OR=1.73 \[0.898--3.332\]; *p*=0.10), for patients with high level of education (university) compared those not in school or primary level (OR=1.756 \[0.998--3.089\]; *p*=0.05), and also for patients treated with insulin analogs compared with patients who did not receive it (OR = 1.442 \[0.960--2.167\]; *p*=0.07). However, living with family was not associated with fasting without interruption ([Table 3](#t3-ijgm-11-033){ref-type="table"}).

The two main reasons for fasting interruption during Ramadan 2013 were the occurrence of hypoglycemia, particularly during the first week of Ramadan (63.1%) and physician decision (\~18% in the first 2 weeks of Ramadan) [Figure 1](#f1-ijgm-11-033){ref-type="fig"}.

Hypoglycemia episodes
---------------------

Of the patients interviewed, 20.3% reported having experienced episodes of hypoglycemia during the month before Ramadan and 23.4% during the month of Ramadan. In fact, the mean number of hypoglycemic episodes increased during Ramadan in patients with type 2 diabetes, whereas it decreased in patients with type 1 diabetes. For all patients, the mean ±SD number of reported hypoglycemia episodes, taking all severity levels together, did not change significantly from before to during Ramadan periods, ranging from 0.58 ± 1.89 and 0.65 ± 1.69 episodes, respectively, per patient per month. The mean number of severe hypoglycemia episodes ranged between 0.04 and 0.07 episodes per patient per month, respectively, before and during Ramadan; during Ramadan, as compared to the month before Ramadan, the mean number of severe hypoglycemia episodes significantly decreased in patients with type 1 diabetes (0.00 vs 0.22 episode; *p* = 0.03) in contrast to those with type 2 diabetes, where the mean number of severe hypoglycemia episodes increased (0.07 vs 0.03 episodes; *p* = 0.03; [Table 2](#t2-ijgm-11-033){ref-type="table"}).

Among the 526 patients included, only two instances of ketoacidosis coma were reported during Ramadan (0.4%), and both patients had T1DM.

Treatment changes
-----------------

With regard to changes in treatment, before Ramadan, basal insulin analogs were used in 54.9% and 55.2% of patients with T1DM and T2DM, respectively, followed by intermediate insulin (respectively, 33.3% and 35.5%), and premixed was used only in 11.8% and 9.9%, respectively. During Ramadan, the most common therapy was basal insulin analogs (for 54.9% and 55.8% of patients with type 1 and type 2 diabetes, respectively), followed by mixed insulin (35.3% and 38.9% of patients with type 1 and type 2 diabetes, respectively) and intermediate insulin (9.8% and 9.1% of patients with type 1 and type 2 diabetes, respectively; [Figures 2](#f2-ijgm-11-033){ref-type="fig"} and [3](#f3-ijgm-11-033){ref-type="fig"}). The use of basal insulin analogs remains unchanged, in contrast to the use of mixed insulin, which increased, and that of intermediate insulin, which decreased, during Ramadan.

Diabetes biomarkers
-------------------

Before Ramadan, mean fasting plasma glucose (FPG) was 2.0 g/L and 1.6 g/L and mean HbA1c was 9% and 8.6% in patients with type 1 and type 2 diabetes, respectively. Among subjects with normal values of FPG (\<1.27 g/L) and HbA1c (\<7%), no significant changes were observed before, during, or after Ramadan ([Table 4](#t4-ijgm-11-033){ref-type="table"}).

Self-monitoring of blood glucose
--------------------------------

No significant difference was evident on comparing the proportion of the study sample that practiced self-monitoring of blood glucose during Ramadan in type 1 and type 2 diabetes (72.5% vs 64.3%, respectively; *p*=0.28). However, the mean ± SD number of self-monitoring checks of blood glucose per day was significantly higher among patients with type 1 diabetes (2.4 ± 1.5 vs 1.6 ± 0.9 for patients with type 1 and type 2 diabetes, respectively; *p*\<0.001). The mean number of self-measurement blood glucose checks per week during Ramadan was 4.5 ± 4.6 and 2.9 ± 2.4 in type 1 and type 2 diabetes, respectively (*p* \<0,007).

Discussion
==========

This cross-sectional observational study of 526 patients with diabetes treated with insulin in the fasting state during the month of Ramadan has revealed that 71.5% of patients reported having fasted without interruption during the month of Ramadan in 2013. Multivariate analysis suggests that the main factors associated with fasting without interruption, after adjusting for confounding factors, were type 2 diabetes and male sex, with a trend for patients living in urban areas compared to those living in rural areas, for patients with high level -- compared to those not in school or with primary level -- of education (university), and also for patients treated with insulin analogs. The mean number of days not fasted was 3.0 ± 6.7 days. The main reason for interruption of fasting during Ramadan was hypoglycemia episodes and physician decision.

Self-monitoring of blood glucose was relatively frequent (undertaken by 72.5% of patients with type 1 and 64.0% of patients with type 2 diabetes), but it needs to be improved as by number of this practice per day or per week.

Despite religious and medical recommendations, clearly stated as in other Muslim countries, specifying that people with high risk do not have to fast,[@b6-ijgm-11-033] many patients with diabetes in Tunisia insist on fasting during Ramadan. This attitude was also reported in Algerian patients with diabetes.[@b7-ijgm-11-033] On the other hand, most insulin-treated patients (71.5%) fasted without interruption. This proportion was closely similar (70.4%) to a survey conducted in Benghazi (Libya).[@b7-ijgm-11-033] For the remaining patients who interrupted their fast, the main reason was the occurrence of hypoglycemia episodes. In the present study, 23.4% of all patients reported at least one hypoglycemic episode during Ramadan 2013, whereas only two patients reported instances of ketoacidosis coma. In Benghazi's survey[@b7-ijgm-11-033], the frequency of hypoglycemia as a main reason of breaking the fast was higher (43.4%), and the proportion of severe hyperglycemia for the same reason was much higher in comparison to that in the present study (27%).

In a Pakistan study of patients with type 1 and type 2 diabetes, 33.33% and 48%, respectively, discontinued their fast when they experienced symptoms of hypoglycemia.[@b8-ijgm-11-033] Overall, symptomatic hypoglycemia was observed in 23.7% of patients (in 35.29% and 23.18% of patients with type 1 and type 2 diabetes, respectively).

Loke et al in their prospective cohort study on the effect of various risk factors of hypoglycemia in diabetics who fast during Ramadan reported the rate of hypoglycemia to be 1.6 times higher during the fasting period, compared with non-fasting periods.[@b9-ijgm-11-033]

Moreover, hypoglycemia remains an infrequent cause of death in this group of patients; patients with diabetes should be educated about this very serious event, especially during fasting.

The proportion of patients who interrupted fasting for at least 1 day was 28.5% (24.6%--32.4%) in the present study; this was higher than the proportion observed in 2009 (17.5%).[@b10-ijgm-11-033] The patient selection process of the two studies was quite similar, even if, in the previous study, patients were not necessarily treated with insulin, the actual results could probably be explained, at least in part, by the difference in climatic conditions between the two periods (the temperature was higher in 2013), associated with a higher number of hours of fasting per day than in 2009.

In this study, there was a trend for the association of insulin analogs with complete fasting during Ramadan. Cesur et al[@b11-ijgm-11-033] reported that long-acting insulin, such as glargine, should be given at *Iftar* to avoid potential hypoglycemia during daytime fasting. Surprisingly, and despite international guidance, this study show that treatment changes during Ramadan appeared to favor premixed insulin more than analogs, suggesting that further training on guidelines should be proposed.

The principal limitations of the present study are the observational design of this study and the inclusion of patients treated by endocrinologists, from across the country in both public and private sectors. Nevertheless, the selection of investigators was not randomly done using a sampling frame of physicians treating diabetes; therefore, it could not be qualified as a population-based study. In addition, the observed results can be generalized only to patients with diabetes fulfilling the inclusion and exclusion criteria defined for the present study.

Conclusion
==========

Ensuring good control of plasma glucose during the fasting month of Ramadan is a challenge for both physicians and patients. This cross-sectional observational study conducted in Tunisia showed that fasting without interruption during Ramadan was common (\>70%) among patients with diabetes who were treated by insulin. The mean number of days not fasted was 3.0 ± 6.7 days. The main observed factors associated with fasting without interruption were diabetes type 2 and male sex. The main reason for interruption of fasting during Ramadan was the occurrence of episodes of hypoglycemia. Insulin analogs were used in more than half of the patients participating in the study.
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###### 

Baseline sociodemographic and clinical characteristics of study population, according to diabetes type

  Characteristics of study population   Diabetes type 1   Diabetes type 2
  ------------------------------------- ----------------- -----------------
  n (%)                                 51 (9.7)          475 (90.3)
  Age (years)                           36.8 ± 11.6       58.3 ± 10.0
  Sex (%)                                                 
   Male                                 32 (62.8)         272 (57.5)
   Female                               19 (37.3)         201 (42.5)
  Residence area (%)                                      
   Urban                                45 (88.2)         431 (91.3)
   Rural                                6 (11.8)          41 (8.7)
  Missing data=1                                          
  Education level (%)                                     
   Illiterate                           1 (2.0)           64 (13.6)
   Primary                              6 (11.8)          114 (24.2)
   Secondary                            28 (54.9)         170 (36.0)
   University                           16 (31.4)         124 (26.3)
  Missing data=1                                          
  Duration of diabetes (years)          11.0 ± 8.8        14.4 ± 7.9
  Body mass index (kg/m^2^)                               
   \<25                                 22 (45.8)         68 (15.1)
   25--30                               22 (45.8)         233 (51.7)
   ≥30                                  4 (8.3)           150 (33.3)

**Notes:** Missing data=22. Data presented as n (%) and mean ± standard deviation.

###### 

Mean number of hypoglycemic episodes 1 month before and during Ramadan

  Characteristics of population   Number of hypoglycemic episodes, before Ramadan   Number of hypoglycemic episodes, during (before) Ramadan   Difference of hypoglycemic episodes between, during, and before Ramadan (during -- before)   p      Number of severe hypoglycemic episodes before Ramadan   Number of severe hypoglycemic episodes during Ramadan   Difference of severe hypoglycemic episodes between, during, and before Ramadan   *p*    Total                                       
  ------------------------------- ------------------------------------------------- ---------------------------------------------------------- -------------------------------------------------------------------------------------------- ------ ------------------------------------------------------- ------------------------------------------------------- -------------------------------------------------------------------------------- ------ ------- ------ ------ ------- ------ ------ -----
  Type of diabetes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     2
  Non-specific                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  Type 1                          1.31                                              2.22                                                       0.75                                                                                         1.62   −0.57                                                   2.44                                                    0.1                                                                              0.22   0.70    0.00   0.00   −0.22   0.70   0.03   51
  Type 2                          0.50                                              1.84                                                       0.64                                                                                         1.70   0.14                                                    2.37                                                    0.19                                                                             0.03   0.23    0.07   0.42   0.04    0.44   0.02   473
  Sex                             0.41                                              1.18                                                       0.60                                                                                         1.74   0.19                                                    1.96                                                    0,1                                                                              0.03   0.23    0.05   0.30   0.02    0.29   0.31   305
  Male                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Female                          0.81                                              2.55                                                       0.72                                                                                         1.61   −0.09                                                   2.86                                                    0,65                                                                             0.06   0.40    0.10   0.51   0.03    0.66   0.47   221
  Age in years                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  \<50                            0.76                                              1.96                                                       0.69                                                                                         1.96   −0.07                                                   2.63                                                    0.78                                                                             0.07   0.38    0.00   0.00   −0.07   0.38   0.06   121
  50--59                          0.40                                              1.13                                                       0.69                                                                                         1.71   0.29                                                    1.83                                                    0.03                                                                             0.05   0.39    0.11   0.57   0.05    0.61   0.23   186
  ≥60                             0.63                                              2.32                                                       0.59                                                                                         1.51   −0.04                                                   2.65                                                    0.83                                                                             0.02   0.18    0.07   0.33   0.05    0.38   0.08   219
  Total                           0.58                                              1.89                                                       0.65                                                                                         1.69   0.07                                                    2.38                                                    0.48                                                                             0.04   0.31    0.07   0.40   0.02    0.48   0.27   526

###### 

Factors associated with fasting during Ramadan without interruption: multivariate analysis using logistic model

  Estimated odds ratios                                                   
  ---------------------------------------------- ------- ---------------- --------
  Type 2 vs type 1 DM                            1.969   (1.043--3.716)   0.0367
  Male vs female                                 1.677   (1.115--2.522)   0.0131
  Urban vs rural                                 1.730   (0.898--3.332)   0.1011
  Secondary vs illiterate/primary                1.309   (0.813--2.108)   0.2675
  University level vs illiterate/primary level   1.756   (0.998--3.089)   0.0507
  Living with family vs living alone             1.779   (0.728--4.349)   0.2067
  Insulin analog                                 1.442   (0.960--2.167)   0.07

###### 

Proportion of normal values of fasting plasma glucose and HbA1c, before, during, or after Ramadan

                                                               Type of diabetes   *P* (type 1 vs type 2)   
  ------------------------------------------------------------ ------------------ ------------------------ ------
  Fasting plasma glucose \<1.27 g/L, before Ramadan            7 (25.0)           128 (33.2)               0.36
  Fasting plasma glucose \<1.27 g/L, during or after Ramadan   8 (20.0)           118 (27.4)               0.3
  *P* (before vs during or after Ramadan)                      0.31               0.19                     
  Hb1Ac \<7% before Ramadan                                    5 (18.5)           51 (14.3)                0.55
  Hb1Ac \<7% during or after Ramadan                           4 (10.3)           54 (14.8)                0.43
  *P* (before vs during or after Ramadan)                      0.41               0.74                     
